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Abstract
Purpose Drinking (plain) water intake has been associated with weight loss and reducing energy intake in intervention trials. 
In free-living populations, replacing other beverages with drinking water is associated with reduced obesity risk. However, 
the association of total water intake and its sources, and body fat distribution remain unevaluated. Thus, the aim of this study 
was to investigate total water intake and its sources and the association with anthropometric measures.
Methods Cross-sectional study of 1500 adults aged 18–90 years (Irish National Adult Nutrition Survey, 2008–2010). Total 
water intake and its sources were estimated using food records. Associations of total water, drinking water, beverage moisture 
and food moisture intakes split by tertile, and BMI (kg/m2), waist circumference (cm), and bio-impedance derived body fat 
(%) were evaluated using covariate-adjusted linear regression analyses including adjustment for energy intake and energy 
expenditure.
Results Higher consumption of total water was associated with lower waist circumference [β-coefficient (95% CI), p trend, 
tertile 3 versus tertile 1: − 2.19 (− 4.06, − 0.32), 0.036], but not BMI [− 0.44 (− 1.16, 0.28), 0.336] or body fat [− 0.87 
(− 1.91, 0.17), 0.146]. Higher consumption of drinking water and food moisture were associated with lower BMI [− 0.65 
(− 1.30, − 0.01), 0.027; − 0.64 (− 1.41, − 0.13), 0.014, respectively], body fat [− 1.51 (− 2.43, − 0.59), 0.001; − 1.00 
(− 2.12, − 0.12), 0.001], and waist circumference [− 2.83 (− 4.51, − 1.16), < 0.001; − 1.84 (− 3.86, − 0.19), 0.082]. Bever-
age moisture was not associated with any of the anthropometric measurements.
Conclusions Consumption of drinking water and food moisture and not total water or beverage moisture were inversely asso-
ciated with adiposity, independent of energy intake and expenditure. Advice encouraging drinking water and food moisture 
intake may be beneficial in addition to energy balance advice, in combating obesity.
Keywords Water · Body mass index · Waist circumference · Body fat
Introduction
Water is essential for life. Adequate total water intakes have 
been proposed [1] based on mean intakes in healthy popu-
lations. However, the role of total water intake in optimal 
health is not well characterised.
Low water intakes have been associated with various 
morbidities including urolithiasis [2], urinary tract infec-
tions, blood pressure [3], and cognitive performance [4], 
while total or plain water intakes have been associated with 
no survival advantage in a study of all-cause mortality [5]. 
However, evidence is piecemeal and definitive conclusions 
for any disease outcomes associated with low water intakes 
are lacking.
Research into the role of water intakes in body weight 
determination is more progressed. Total water intake has 
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been positively associated with weight status in cross-
sectional analyses [6, 7]. Increased drinking (plain) water 
intake has been associated with weight loss in trials [8–10] 
and, replacing other beverages, in particular sugar-sweet-
ened beverages, with drinking water has been associated 
with lower risk of obesity in prospective cohorts [11, 12]. 
However, drinking water is not our only source of water 
and there is large variation in the contribution of different 
sources of total water intake in humans [13]. The previ-
ous investigation of dietary and body weight correlates 
of water intakes in the National Health and Nutrition 
Examination Survey (NHANES) suggests that there are 
differential associations of water intake and body weight 
and dietary characteristics depending on the dietary source 
of water [6]. Yet, few studies have examined total water 
intake and its dietary sources and adiposity.
Thus, the herein aim is to examine the cross-sectional 
association of total water intake, drinking water, food 
moisture and beverage moisture, and measured BMI, waist 
circumference, and body fat percentage.
Methods
Survey design and study population
Nationally representative data from the cross-sectional, 
Irish National Adult Nutrition Survey (2008–2010) 
were used for this analysis. 1500 free-living adults aged 
18–90 years were included in the survey and all were eli-
gible for inclusion here. Ethical approval was obtained 
from the Clinical Research Ethics Committee of the Cork 
Teaching Hospitals, University College Cork, and the 
Human Ethics Research Committee of University College 
Dublin. A detailed survey methodology is available else-
where (http://www.iuna.net).
Dietary intakes
All participants completed a semi-weighed 4-day food 
record. Daily food and beverage intakes were converted 
into nutrient intakes using WISP© (Tinuviel Software, 
Anglesey, UK) which contained McCance and Widdow-
son’s The Composition of Foods 6th Summary Edition and 
5th Edition Supplements [14].
Total water intakes (g/day) were estimated as drinking 
water intake (tap and bottled), beverage moisture (water 
from beverages excluding drinking water), and food mois-
ture. A detailed methodology of the estimation of water 
intakes has been previously published [13].
Anthropometric measurements
Anthropometric measurements were taken in participants’ 
homes, during the 4 days of dietary assessment. Measure-
ments were taken after urinary/bowel voiding, while the 
participant was barefoot. Height (cm) and weight (kg) were 
measured using standardised methods. BMI was calculated 
as kg/m2. Body fat (%) was measured using a portable Tanita 
body composition analyser BC-420MA (Tanita Ltd, GB). 
Waist circumference (cm) was measured in duplicate using a 
non-stretch tape measure and taken at the midpoint between 
the iliac crest and the bottom of the rib cage. Average waist 
circumference was used for analysis.
Covariates
Socio-demographic and lifestyle data were self-reported 
using questionnaires. Energy expenditure was estimated 
using a validated questionnaire: the EPIC Physical Activ-
ity Questionnaire [15]. The alternative Mediterranean 
Dietary Score (aMDS), as adapted by Fung et al. [16], was 
calculated.
Statistical analyses
Total water, drinking water, beverage moisture, and food 
moisture were each expressed as mean daily intake (g/day). 
Socio-demographic, anthropometric, and dietary intakes 
characteristics [mean ± standard deviation, median (inter-
quartile range) or percent] were tabulated for the total study 
sample. Participants missing anthropometric data (BMI 
n = 88, body fat n = 181, waist circumference n = 223) were 
excluded from relevant analyses. Anthropometric meas-
urements, energy intakes (kJ/day), and energy expenditure 
(MET h/week) were compared across tertile of each water 
intake. p values for trends in mean across tertile were esti-
mated using ANOVA.
The continuous association (per 100 g/day) and cat-
egorical association (tertile) of each water intake and each 
anthropometric measurements was examined using multiple 
linear regression models. A pragmatic approach was used to 
account for potential confounders including demographic, 
lifestyle, social, dietary, and physical activity factors. Under 
the assumption of missing at random, missing covariate data 
were imputed using the sex–age-stratified mean of the total 
sample with available covariate data. Model 1 was adjusted 
for age group (18–35, 36–50, 51–64, 61–90 years, to account 
for non-linear association of age and BMI), sex, social class 
(categorical), education level (categorical), smoking sta-
tus (current, past, never), alcohol consumption frequency 
(continuous), and season (winter, summer). Model 2 was 
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further adjusted for the aMDS as a measure of dietary qual-
ity. Model 3 was additionally adjusted for energy expendi-
ture (MET h/week) and energy intake (kJ/day).
Sodium, protein, and dietary fibre intakes were consid-
ered for inclusion, but sodium and protein were not signifi-
cant when entered into the model, and we could not include 
dietary fibre due to multicollinearity with exposure vari-
ables, and therefore, none were included.
We tested for interaction between each water intake 
exposure and, sex, BMI (< or ≥ 25 kg/m2), smoking status 
(current or not current), energy expenditure (< or ≥ median: 
86.1 MET h/week), and energy reporting status (under-
reporters or accurate reporters identified using basal meta-
bolic rate:energy intake ratio cut points [17]), in relation to 
anthropometric measurements. Stratified analyses were car-
ried out where p ≤ 0.05. Correlation of total water, drinking 
water, food moisture, and beverage moisture was assessed 
using Pearson’s correlation coefficient. Mutual adjustment 
for intakes of water from other sources and using mean daily 
intake of total water, drinking water, food moisture, and bev-
erage moisture were carried out as a sensitivity analyses. We 
also excluded participants with high intakes (top 1 percen-
tile) and separately low intakes (bottom 1 percentile) of each 
of the water exposures and repeated the continuous analy-
ses. Categorical analyses were repeated using water intake 
stratified by ethanol and caffeine intake (split by tertile). We 
examined water intakes by BMI status [underweight/normal 
weight (< 25 kg/m2), over-weight (25–30 kg/m2), and obese 
(> 30 kg/m2)]. p values for trends across BMI category were 
estimated using ANOVA.
Analyses were performed using Stata (version 14; Stata 
Corp.)
Results
Population characteristics are displayed in Table 1. The 
population was representative of the Irish public for age, 
sex, social class, and urban/rural location when compared 
to Census 2006 [18]. Participants mean daily intake (men, 
2504 ± 1350; women, 2079 ± 941 ml/day) of total water 
intake were in line with the adequate intake (men, 2500; 
women, 2000 ml/day) as published by the European Food 
Safety Authority [1]. In unadjusted analyses, energy intake 
was higher, and BMI, % body fat, and waist circumference 
were generally lower with higher water intakes (Supplemen-
tary Table 1).
Comparing highest consumers (T3) to lowest consumers 
(T1), total water, drinking water, and food moisture intakes 
but not beverage moisture intakes were inversely associated 
with BMI after adjustment for socio-demographic covari-
ates (model 1) and further adjustment for dietary quality 
(model 2) (Table 2). After further adjustment for energy 
balance (model 3), the associations of drinking water and 
food moisture, and BMI were attenuated but remained sig-
nificant and the association of total water, and BMI became 
non-significant [β-coefficient (95%CI), p trend, T3 versus 
T1: − 0.44 (− 1.16, 0.28), 0.336].
Similarly, drinking water [β-coefficient (95% CI), p trend, 
T3 versus T1: − 1.51 (− 2.43, − 0.59), 0.001], and food 
moisture [− 1.00 (− 2.12, − 0.12), 0.001] but not total water 
[− 0.87 (− 1.91, 0.17), 0.146] or beverage moisture [0.44 
(− 0.56, 1.44), 0.345] were inversely associated with % body 
fat after adjustment for socio-demographics, dietary quality, 
and energy balance (Table 3). The direction of the associa-
tions was similar in continuous analyses.
Total water, drinking water, and food moisture but not 
beverage moisture were inversely associated with waist cir-
cumference after adjustment for socio-demographics, dietary 
quality, and energy balance (Table 4). Again, the categori-
cal (tertile) and continuous associations (100 g/day) were 
largely comparable.
There were no interactions for any of the outcomes with, 
sex (p = 0.061–0.805), BMI (p = 0.069–0.668), smoking sta-
tus (p = 0.055–0.943), energy expenditure (p = 0.058–0.971), 
or energy reporting status (p = 0.336–0.732) evident.
Total water intake was positively correlated with drink-
ing water (r = 0.625), beverage moisture (r = 0.668), and 
food moisture (r = 0.430) intakes (Supplementary Table 2). 
Drinking water and food moisture were also positively corre-
lated (r = 0.194). Beverage moisture was not correlated with 
drinking water (r = − 0.093) or food moisture (r = − 0.035) 
intake. Mutual adjustment for intakes of water from other 
sources (Supplementary Table 3) did not substantially alter 
the associations of water intake and any of the measures of 
adiposity. Excluding participants with high intakes of each 
of the water exposures did not substantially affect the esti-
mates, nor did stratification of water intakes to account for 
ethanol and caffeine intakes. Obese participants reported 
lower unadjusted intakes of all water intake exposures 
(p < 0.001–0.031) than their normal- or over-weight coun-
terparts (Supplementary Table 4).
Discussion
In summary, total water, drinking water, and food moisture 
intakes but not beverage moisture intake were associated 
with lower adiposity in socio-demographic and dietary qual-
ity adjusted analyses. Associations of drinking water and 
food moisture and BMI, body fat, and waist circumference 
were robust to adjustment for covariates including energy 
balance and a range of sensitivity analyses. However, adjust-
ment for energy balance attenuated the associations of total 
water to non-significant.
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Research into the role of beverages in the obesity epi-
demic has intensified in recent years [19, 20]. However, 
the association of water and obesity is under investigated, 
largely as it is not well estimated in studies. Epidemiologi-
cal studies and nutritional surveys rarely assess hydration 
status, water intake is usually unevaluated, and fluid intake 
typically forms a minor part of dietary assessment. Moreo-
ver, where beverage intake has been estimated the focus 
is on energy and nutrient contributing beverages rather 
than a comprehensive assessment of fluid intake. Further-
more, drinking water, other beverages, and food moisture 
all contribute to total water intake but are rarely assessed 
Table 1  Socio-demographic, anthropometric, and dietary characteristics: the National Adult Nutrition Survey, Republic of Ireland (n = 1500)
MET metabolic equivalent tasks
a Mean ± SD (all such values)
b Median (IQR) (all such values)
c Winter: surveyed September–February
d aMED: 0–9 score, a higher overall score represents a healthier diet pattern
Variable n available data Total study population
Age (year) 1500 44.5 ± 17.0a
Sex, men (%) 1500 49.3
Social class (%) 1500
 Professional/managerial/technical 46.7
 Non-manual skilled 18.6
 Manual skilled 14.8
 Semi-skilled/unskilled (includes students) 19.9
Education (%) 1500
 Primary 9.4
 Intermediate 20.5
 Secondary 23.7
 Tertiary 46.4
Energy expenditure (MET h/week) 1323 78.7 (37.3,124.0)b
Current smokers (%) 1480 21.0
Alcohol consumption (%) 1480
 More than once per week 60.7
 Once or twice per fortnight 16.2
 Infrequently or never 23
Season:  Winterc (%) 1500 54.3
Anthropometric measurements
 BMI (kg/m2) 1412 27.1 ± 5.0
 Waist circumference (cm) 1277 M: 96.0 (87.0, 105.0); W: 85.0 (77.5, 94.4)
 Body fat (%) 1319 M: 23.8 (18.8, 28.9); W: 34.4 (29.0, 39.6)
Water intakes 1500
 Total water (g/day) 2054 (1506, 2786)
 Drinking water (g/day) 216 (0, 726)
 Other beverages (g/day) 908 (557, 1350)
 Food moisture (g/day) 347 (463, 870)
Dietary data 1500
 Energy (kJ) 7902 (6098, 10,335)
 Alternate Mediterranean Diet Score (aMED)d 3.1 ± 1.6
 Protein (%TE) 16.5 (13.6, 20.2)
 Carbohydrate (%TE) 43.6 (37.3, 50.0)
 Fat (%TE) 33.5 (27.4, 39.6)
 Saturated fat (%TE) 12.8 (9.8, 16.2)
 Dietary fibre (g/10 MJ) 22.1 (16.2, 29.5)
 Sodium (mg/10 MJ) 2854 (2220, 3643)
European Journal of Nutrition 
1 3
together. As such, there are currently few studies to add 
context to our findings.
Results in context
In contrast to our study findings, Kant et al. [6], in a cross-
sectional analysis of NHANES, reported higher BMI with 
higher total water and beverage moisture intake and no 
association of drinking water and BMI. Similarly, in a more 
recent analysis of NHANES, Rosinger et al. [7] reported a 
positive association of total water intake and BMI. However, 
as neither analysis aimed to investigate the association of 
water and adiposity, these results are unadjusted for lifestyle 
and other dietary intakes and are likely confounded. More in 
keeping with our findings are the results of a cross-sectional 
study of 1136 Japanese female students [21]. In analyses 
adjusted for lifestyle factors including physical activity, 
energy expenditure, and energy intake, the authors report 
an inverse association of food moisture, and BMI and waist 
circumference but no association of beverage moisture, and 
BMI or waist circumference. There were methodological dif-
ferences between this study and our herein presented work. 
In this study, drinking water was included as beverage mois-
ture, total water intake was not estimated, and the authors 
did not adjust for dietary quality.
The previous intervention trials have shown that increas-
ing drinking (plain) water intake can promote weight loss 
[8–10]. This is reportedly through reducing caloric intake 
Table 2  Cross-sectional association of total water and its main dietary sources by tertile and per 100 g/day with BMI (kg/m2), using multiple 
linear regression: the National Adult Nutrition Survey, Ireland (n = 1500)
Values are β-coefficients (95% confidence intervals)
Model 1 was adjusted for age group, sex, social class, education level, smoking status, alcohol consumption status, and season
Model 2 was additionally adjusted for the Alternate Mediterranean Diet Score
Model 3 was additionally adjusted for energy expenditure and energy intake
T tertile, obs observations
1 p-trend was estimated by including the median value of each tertile as a continuous variable
2 Mean (min–max), g/day
Total water
T1, obs = 471 T2, obs = 471 T3, obs = 470 p  trend1 obs = 1412
g/day2 1433 (358–1834) 2171 (1835–2516) 3318 (2518–6655) per 100 g/day
Model 1 Ref − 0.74 (− 1.36, − 0.12) − 0.70 (− 1.34, − 0.06) 0.052 − 0.03 (− 0.06, 0.00)
Model 2 Ref − 0.79 (− 1.42, − 0.16) − 0.77 (− 1.42, − 0.11) 0.037 − 0.03 (− 0.06, 0.00)
Model 3 Ref − 0.60 (− 1.26, 0.05) − 0.44 (− 1.16, 0.28) 0.336 − 0.01 (− 0.05, 0.01)
Drinking water
T1, obs = 471 T2, obs = 471 T3, obs = 470 p  trend1 obs = 1412
g/day 20 (0–113) 313 (116–554) 1144 (555–4469) per 100 g/day
Model 1 Ref 0.04 (− 0.58, 0.65) − 0.64 (− 1.28, − 0.00) 0.027 − 0.02 (− 0.07, 0.02)
Model 2 Ref 0.02 (− 0.60, 0.64) − 0.69 (− 1.33, − 0.04) 0.020 − 0.03 (− 0.07, 0.02)
Model 3 Ref 0.01 (− 0.61, 0.63) − 0.65 (− 1.30, − 0.01) 0.027 − 0.03 (− 0.07, 0.02)
Beverage moisture
T1, obs = 471 T2, obs = 471 T3, obs = 470 p  trend1 obs = 1412
g/day 529 (0–802) 1007 (803–1234) 1826 (1236–5281) per 100 g/day
Model 1 Ref − 0.42 (− 1.04, 0.20) − 0.41 (− 1.06, 0.23) 0.230 − 0.02 (− 0.06, 0.03)
Model 2 Ref − 0.42 (− 1.03, 0.20) − 0.41 (− 1.05, 0.24) 0.237 − 0.02 (− 0.06, 0.03)
Model 3 Ref − 0.26 (− 0.89, 0.37) − 0.07 (− 0.76, 0.62) 0.897 0.01 (− 0.03, 0.06)
Food moisture
T1, obs = 471 T2, obs = 471 T3, obs = 470 p  trend1 obs = 1412
g/day 435 (107–563) 660 (563–772) 989 (782–1708) per 100 g/day
Model 1 Ref − 0.54 (− 1.15, 0.08) − 0.77 (− 1.41, − 0.12) 0.025 − 0.12 (− 0.23, − 0.02)
Model 2 Ref − 0.62 (− 1.25, 0.00) − 0.96 (− 1.66, − 0.26) 0.008 − 0.16 (− 0.28, − 0.05)
Model 3 Ref − 0.47 (− 1.11, 0.18) − 0.64 (− 1.41, − 0.13) 0.014 − 0.11 (− 0.23, − 0.01)
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and not through the consumption of water per se. In epidemi-
ological studies, replacement of drinking water intake with 
other beverages, in particular sugar-sweetened beverages, 
has been associated with risk of obesity [11, 12]. Therefore, 
it could be argued that the inverse associations of drinking 
water with adiposity observed in this study are a replacement 
effect. However, mutual adjustment for other water sources 
in this study did not substantially change the interpretation 
of our results, suggesting a direct effect.
Beverage moisture intake was not associated with adi-
posity in this study. Considering intake of sugar-sweetened 
beverages has been shown to be associated with adiposity 
independent of caloric contribution [22, 23], but no causal 
agent or mechanism has been confirmed, it is possible that 
this null association is due to residual confounding. The het-
erogeneity of the beverage moisture group may also explain 
the null association as contribution of individual food and 
beverage types to water intakes may have moderated effects, 
and the inclusion of diet beverages may have led to reverse 
causality as participants may have preferentially consumed 
diet beverages in trying to lose weight.
Mechanisms
The mechanisms in which water may affect adiposity are 
unknown. Water intake may affect adiposity in part by 
reducing energy intake through effects on satiety [9], but 
it fails to explain the associations reported here as the 
Table 3  Cross-sectional association of total water and its main dietary sources by tertile and per 100 g/day with % body fat (%) using multiple 
linear regression: the National Adult Nutrition Survey, Ireland (n = 1500)
Values are β coefficients (95% confidence intervals)
Model 1 was adjusted for age group, sex, social class, education level, smoking status, alcohol consumption status, and season
Model 2 was additionally adjusted for the Alternate Mediterranean Diet Score
Model 3 was additionally adjusted for energy expenditure and energy intake
T tertile, obs observations
1 p-trend was estimated by including the median value of each tertile as a continuous variable
2 Mean (min–max), g/day
Total water
T1, obs = 440 T2, obs = 440 T3, obs = 439 p  trend1 obs = 1319
g/day2 1441 (358–1839) 2175 (1841–2522) 3337 (2523–6655) per 100 g/day
Model 1 Ref − 1.19 (− 2.09, − 0.28) − 1.51 (− 2.44, − 0.58) 0.003 − 0.06 (− 0.10, − 0.02)
Model 2 Ref − 1.19 (− 2.11, − 0.28) − 1.52 (− 2.47, − 0.57) 0.003 − 0.10 (− 0.10, − 0.17)
Model 3 Ref − 0.84 (− 1.78, 0.10) − 0.87 (− 1.91, 0.17) 0.146 − 0.03 (− 0.07, 0.02)
Drinking water
T1, obs = 457 T2, obs = 430 T3, obs = 432 p  trend1 obs = 1319
g/day 20 (0–113) 335 (126–568) 116 (570–4469) per 100 g/day
Model 1 Ref − 0.25 (− 1.14, 0.64) − 1.58 (− 2.50, − 0.66) < 0.001 − 0.08 (− 0.14, − 0.01)
Model 2 Ref − 0.25 (− 1.14, 0.64) − 1.58 (− 2.51, − 0.65) < 0.001 − 0.07 (− 0.14, − 0.09)
Model 3 Ref − 0.27 (− 1.16, 0.61) − 1.51 (− 2.43, − 0.59) 0.001 − 0.07 (− 0.13, − 0.01)
Beverage moisture
T1, obs = 440 T2, obs = 440 T3, obs = 439 p  trend1 obs = 1319
g/day 535 (0–807) 1007 (808–1234) 1833 (1236–5281) per 100 g/day
Model 1 Ref − 0.58 (− 1.47, 0.32) − 0.30 (− 1.24, 0.63) 0.581 − 0.01 (− 0.07, 0.05)
Model 2 Ref − 0.60 (− 1.49, 0.30) − 0.31 (− 1.25, 0.62) 0.567 − 0.01 (− 0.07, 0.05)
Model 3 Ref − 0.26 (− 1.17, 0.65) 0.44 (− 0.56, 1.44) 0.345 0.05 (− 0.02, 0.11)
Food moisture
T1, obs = 440 T2, obs = 440 T3, obs = 439 p  trend1 obs = 1319
g/day 435 (107–559) 659 (560–772) 989 (773–1708) per 100 g/day
Model 1 Ref − 0.74 (− 1.64, 0.15) − 1.55 (− 2.50, − 0.60) 0.001 − 0.30 (− 0.45, − 0.15)
Model 2 Ref − 0.80 (− 1.71, 0.11) − 1.69 (− 2.71, − 0.66) 0.001 − 0.34 (− 0.50, − 0.17)
Model 3 Ref − 0.48 (− 1.41, 0.46) − 1.00 (− 2.12, − 0.12) 0.001 − 0.23 (− 0.42, − 0.05)
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reported inverse associations are adjusted for energy intake 
and expenditure. Furthermore, there is the possibility of a 
synergistic effect of water and another dietary component 
potentially water and dietary fibre intake. This is a poten-
tial mechanism worth considering given the requirement 
of adequate hydration for optimal functioning of soluble 
fibre. It is also possible that there is water induced ther-
mogenesis and/or fat oxidation. This has been examined 
in intervention trials for drinking water intake, but there 
is little consensus. Boshmann et al. [24, 25] first proposed 
the mechanism that, however, it has been recently refuted 
[26]. However, none of these trials controlled for total 
water intake and further investigation is needed.
Strengths and limitations
There are a number of strengths to this research. The 
National Adult Nutrition Survey is a well-characterised 
study with objectively measured anthropometrics. This 
allows for adjustment of a wide-range of potential con-
founders, including intakes of diuretics (ethanol and caf-
feine) and the aMDS as a proxy of overall dietary quality. 
The main strength of these analyses is the availability of 
detailed water intake data that are not usually collected 
in dietary intake studies. The limitations of this research 
are also worth consideration. This is a cross-sectional 
study and thus cannot inform causality or the direction 
Table 4  Cross-sectional association of total water and its main dietary sources by tertile and per 100 g/day with waist circumference (cm) using 
multiple linear regression: the National Adult Nutrition Survey, Ireland (n = 1500)
Values are β-coefficients (95% confidence intervals)
Model 1 was adjusted for age group, sex, social class, education level, smoking status, alcohol consumption status, and season
Model 2 was additionally adjusted for the Alternate Mediterranean Diet Score
Model 3 was additionally adjusted for energy expenditure and energy intake
T tertile, obs observations
1 p-trend was estimated by including the median value of each tertile as a continuous variable
2 Mean (min–max), g/day
Total water
T1, obs = 426 T2, obs = 426 T3, obs = 425 p  trend1 obs = 1277
g/day2 1451 (373–1842) 2177 (1843–2515) 3328 (2516–6655) per 100 g/day
Model 1 Ref − 1.92 (− 3.55, − 0.29) − 2.41 (− 4.08, − 0.74) 0.008 − 0.10 (− 0.17, − 0.02)
Model 2 Ref − 2.06 (− 3.70, − 0.42) − 2.62 (− 4.33, − 0.92) 0.004 − 0.10 (− 0.18, − 0.03)
Model 3 Ref − 1.82 (− 3.52, − 0.11) − 2.19 (− 4.06, − 0.32) 0.036 − 0.08 (− 0.17, − 0.01)
Drinking water
T1, obs = 439 T2, obs = 416 T3, obs = 422 p  trend1 obs = 1277
g/day 26 (0–125) 328 (126–563) 1147 (558–4469) per 100 g/day
Model 1 Ref − 0.06 (− 1.67, 1.55) − 2.73 (− 4.38, − 1.08) < 0.001 − 0.16 (− 0.27, − 0.05)
Model 2 Ref − 0.12 (− 1.73, 1.49) − 2.90 (− 4.57, − 1.23) < 0.001 − 0.17 (− 0.29, − 0.05)
Model 3 Ref − 0.12 (− 1.73, 1.49) − 2.83 (− 4.51, − 1.16) < 0.001 − 0.17 (− 0.28, − 0.05)
Beverage moisture
T1, obs = 426 T2, obs = 426 T3, obs = 425 p  trend1 obs = 1277
g/day 541 (0–805) 1009 (806–1242) 1831 (1242–5281) per 100 g/day
Model 1 Ref − 1.39 (− 3.01, 0.22) − 0.89 (− 2.57, 0.80) 0.355 − 0.01 (− 0.12, 0.09)
Model 2 Ref − 1.37 (− 2.99, 0.25) − 0.87 (− 2.56, 0.81) 0.365 − 0.00 (− 0.12, 0.09)
Model 3 Ref − 1.09 (− 2.73, 0.55) − 0.16 (− 1.97, 1.64) 0.937 0.05 (− 0.07, 0.16)
Food moisture
T1, obs = 426 T2, obs = 426 T3, obs = 425 p  trend1 obs = 1277
g/day 441 (106–565) 662 (566–774) 984 (775–1708) per 100 g/day
Model 1 Ref − 1.16 (− 2.79, 0.47) − 1.88 (− 3.61, − 0.15) 0.037 − 0.29 (− 0.57, − 0.01)
Model 2 Ref − 1.38 (− 3.03, 0.27) − 2.40 (− 4.25, − 0.54) 0.013 − 0.40 (− 0.70, − 0.09)
Model 3 Ref − 1.12 (− 2.81, 0.57) − 1.84 (− 3.86, − 0.19) 0.082 − 0.29 (− 0.64, − 0.05)
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of the association. However, as the investigation of the 
water–adiposity association is in its infancy, these analy-
ses offer worthwhile information. Dietary intakes were 
self-reported albeit from prospective semi-weighed food 
records. As such, we cannot rule out reporting bias. Selec-
tive reporting bias by BMI level may also be present. How-
ever, in this study, those who were over-weight and obese 
reported lower intakes of water exposures when com-
pared with their normal weight counterparts. Therefore, 
any selective reporting bias present in this study would 
mean that our results are biased towards the null and are 
underestimates. Finally, as with all observational studies, 
we cannot rule out residual confounding or potential for 
endogeneity, which may partially or wholly explain the 
findings.
These results may be generalisable to other similar adult 
populations. However, when evaluating generalisability, it 
should be considered that the sample is largely white Irish 
and lives in a temperate oceanic climate and thus may 
have lower range of water intakes than hotter countries. 
Furthermore, minerals and contaminates in water are not 
adjusted for in these analyses and may vary geographically 
potentially changing the dietary exposure to a component 
causal in the association.
Conclusion
Consumption of drinking water and food moisture may 
be inversely associated with adiposity, independent of 
energy intake and expenditure. Public health initiatives 
and dietary advice encouraging drinking water and food 
moisture intake may be beneficial in addition to energy 
balance advice in combating the obesity epidemic.
Acknowledgements We would like to thank all the participants 
and staff of the National Adult Nutrition Survey for their time and 
contribution.
Author contributions JW and LO’C derived the water intakes, analysed 
data, and are responsible for the accuracy of the data. LO’C drafted the 
initial manuscript. AF is a principal investigator of the National Adult 
Nutrition Survey and contributed to the direction of the data analysis 
and the writing of the manuscript. All authors contributed to critical 
revisions and have read and approved the final manuscript.
Funding The project was funded by the Irish Department of Agricul-
ture, Food and the Marine and the Health Research Board under their 
joint Food for Health Research Initiative (2007–2012).
Compliance with ethical standards 
Conflict of interest The authors declare that they have no conflicts of 
interest.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
 1. EFSA NDA Panel (2010) Scientific opinion on dietary reference 
values for water. EFSA J 8:48
 2. Armstrong LE (2012) Challenges of linking chronic dehydration 
and fluid consumption to health outcomes. Nutr Rev 70(Suppl 
2):S121–S127
 3. Manz F (2007) Hydration and disease. J Am Coll Nutr 
26:535S–541S
 4. Secher M, Ritz P (2012) Hydration and cognitive performance. J 
Nutr Health Aging 16:325–329
 5. Kant AK, Graubard BI (2017) A prospective study of water intake 
and subsequent risk of all-cause mortality in a national cohort. 
Am J Clin Nutr 105:212–220
 6. Kant AK, Graubard BI, Atchison EA (2009) Intakes of plain 
water, moisture in foods and beverages, and total water in the 
adult US population–nutritional, meal pattern, and body weight 
correlates: National Health and Nutrition Examination Surveys 
1999–2006. Am J Clin Nutr 90:655–663
 7. Rosinger AY, Lawman HG, Akinbami LJ, Ogden CL (2016) 
The role of obesity in the relation between total water intake 
and urine osmolality in US adults, 2009–2012. Am J Clin Nutr 
104:1554–1561
 8. Stookey JD, Constant F, Popkin BM, Gardner CD (2008) Drink-
ing water is associated with weight loss in overweight dieting 
women independent of diet and activity. Obesity (Silver Spring) 
16:2481–2488
 9. Daniels MC, Popkin BM (2010) Impact of water intake on 
energy intake and weight status: a systematic review. Nutr Rev 
68:505–521
 10. Dennis EA, Dengo AL, Comber DL, Flack KD, Savla J, Davy KP, 
Davy BM (2010) Water consumption increases weight loss during 
a hypocaloric diet intervention in middle-aged and older adults. 
Obesity (Silver Spring) 18:300–307
 11. Tate DF, Turner-McGrievy G, Lyons E, Stevens J, Erickson K, 
Polzien K, Diamond M, Wang X, Popkin B (2012) Replacing 
caloric beverages with water or diet beverages for weight loss in 
adults: main results of the Choose Healthy Options Consciously 
Everyday (CHOICE) randomized clinical trial. Am J Clin Nutr 
95:555–563
 12. Hu FB, Malik VS (2010) Sugar-sweetened beverages and risk 
of obesity and type 2 diabetes: epidemiologic evidence. Physiol 
Behav 100:47–54
 13. O’Connor L, Walton J, Flynn A (2014) Water intakes and dietary 
sources of a nationally representative sample of Irish adults. J 
Hum Nutr Diet 27:550–556
 14. Food Standards Agency (2002) McCance and Widdowson’s the 
composition of foods, 6th edn. Royal Society of Chemistry., 
Cambridge
 15. Wareham NJ, Jakes RW, Rennie KL, Mitchell J, Hennings S, Day 
NE (2002) Validity and repeatability of the EPIC-Norfolk Physi-
cal Activity Questionnaire. Int J Epidemiol 31:168–174
 16. Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, 
Rifai N, Willett WC, Hu FB (2005) Diet-quality scores and plasma 
concentrations of markers of inflammation and endothelial dys-
function. Am J Clin Nutr 82:163–173
European Journal of Nutrition 
1 3
 17. Goldberg GR, Black AE, Jebb SA, Cole TJ, Murgatroyd PR, 
Coward WA, Prentice AM (1991) Critical evaluation of energy 
intake data using fundamental principles of energy physiology: 
1. Derivation of cut-off limits to identify under-recording. Eur J 
Clin Nutr 45:569–581
 18. Irish Universities Nutrition Alliance (2011) National Adult Nutri-
tion Survey Summary Report
 19. Hu FB (2013) Resolved: there is sufficient scientific evidence that 
decreasing sugar-sweetened beverage consumption will reduce 
the prevalence of obesity and obesity-related diseases. Obes Rev 
14:606–619
 20. Schwingshackl L, Hoffmann G, Schwedhelm C, Kalle-Uhlmann 
T, Missbach B, Knuppel S, Boeing H (2016) Consumption of 
dairy products in relation to changes in anthropometric variables 
in adult populations: a systematic review and meta-analysis of 
cohort studies. PLoS One 11:e0157461
 21. Murakami K, Sasaki S, Takahashi Y, Uenishi K Intake from water 
from foods but not beverages, is related to lower body mass index 
and waist circumference in humans. Nutrition 24:925–932
 22. Imamura F, O’Connor L, Ye Z, Mursu J, Hayashino Y, Bhupathi-
raju SN, Forouhi NG (2015) Consumption of sugar sweetened 
beverages, artificially sweetened beverages, and fruit juice and 
incidence of type 2 diabetes: systematic review, meta-analysis, 
and estimation of population attributable fraction. BMJ 351:h3576
 23. O’Connor L, Imamura F, Lentjes MA, Khaw KT, Wareham 
NJ, Forouhi NG (2015) Prospective associations and popula-
tion impact of sweet beverage intake and type 2 diabetes, and 
effects of substitutions with alternative beverages. Diabetologia 
58:1474–1483
 24. Boschmann M, Steiniger J, Franke G, Birkenfeld AL, Luft 
FC, Jordan J (2007) Water drinking induces thermogenesis 
through osmosensitive mechanisms. J Clin Endocrinol Metab 
92:3334–3337
 25. Boschmann M, Steiniger J, Hille U, Tank J, Adams F, Sharma AM 
(2003) Water-induced thermogenesis. J Clin Endocrinol Metab 
88:6015–6019
 26. Charriere N, Miles-Chan JL, Montani JP, Dulloo AG (2015) 
Water-induced thermogenesis and fat oxidation: a reassessment. 
Nutr Diabetes 5:e190
